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Clostridium perfringens in Animal Disease:
A Review of Current Knowledge
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S U M M A R Y

The diseases caused by various types
of Clostridium perfringens are criti-
cally reviewed in the light of current
knowledge. Particular emphasis is
placed on information concerning
these diseases in Canadian livestock.
There are two etiologically clearly-

defined acute C. perfringens diseases
recognized in Canada: hemorrhagic
enteritis ofthe newborn calf, caused by
C. perfringens type C, and entero-
toxemia of sheep, caused by type D.
Clostridium perfringens type A may
play a role as a secondary pathological
agent in various disease conditions,
such as necrotic enteritis of chickens.
It may also cause wound infections
and may provide a source for human
food poisoning outbreaks.
There appears to be a considerable

lack of knowledge regarding the dis-
tribution of C. perfringens types, their
pathogenesis, diagnosis and the inci-
dence of diseases caused by this
organism.

RFSUMM
Clostridium perfringens dans les ma-
ladies animales: une revue de nos con-
naissances actuelles
L'auteur presente une revue critique
des maladies attribuables aux dif-
ferents types de Clostridium perfrin-
gens, a la lumiere de nos connaissances
actuelles. I1 insiste surtout sur les
informations relatives aux clostridi-
oses qui affectent le cheptel canadien.

On connalt deux maladies aigues,
definitivement attribuables a C. per-
fringens, au Canada: l'enterite hemor-
ragique du veau naissant, due au type
C de C. perfringens, et l'enterotoxemie
ovine, attribuable a son type D. Le
type A de C. perfringens joue proba-
blement un role, a titre d'agent
pathogene secondaire, dans certaines
maladies telles que l'enterite necro-
tique du poulet. II peut aussi conta-
miner les plaies et provoquer des
empoisonnements alimentaires, chez
l'homme.
Nos connaissances semblent lacu-

naires en ce qui concerne la distribu-
tion des differents types de C. perfrin-
gens, leur pathogenese, le diagnostic et
l'incidence des maladies qu'ils causent.

INTRODUCTION

Clostridium perfringens usually forms
a part of the normal intestinal flora of
man and animals and can be found in
soil. The pathogenic importance of
this organism as the causative agent of
gas gangrene was discovered at the end
of the last century and since then the
organism has been the object of inten-
sive study (29). Besides its involvement
in gas gangrene and food poisoning in
man, various forms of acute enteritis
and fatal enterotoxemias in animals
have been attributed to C. perfringens.
Numerous articles and reviews on the
etiology, pathogenesis and clinical
aspects of such infections have
appeared in the literature. However,

much of this information is historical
and scattered among various scientific
disciplines and publications.

This paper presents a brief critical
review of current knowledge regarding
C. perfringens in veterinary medicine,
with particular emphasis on its impor-
tance in Canada. It is intended as a
guide for practitioners, laboratory
diagnosticians and students interested
in this subject; also, it may be applica-
ble as introductory material for
research workers in related fields. No
attempt is made here to provide a
comprehensive review of the litera-
ture. Such reviews already exist. For
those readers who are interested in
thorough literature surveys for histor-
ical, academic or other reasons the fol-
lowing references are recommended:
(9, 24, 29, 39, 51, 56, 62, 64, 69).

Clostridium perfringens TYPES
The C. perfringens species is a very
heterogeneous group of organisms
with respect to their metabolic by-
products, toxins and pathogenic
potential. For practical classification
purposes, the species is divided into
five types, from A to E, based on their
ability to produce any of the four
major lethal toxins (Table I). As these
toxins are antigenic, typing is achieved
by neutralization of the lethal toxins
with type-specific antisera using mice
or guinea pigs as test animals. In addi-
tion, the various types may produce

TABLE I
MAJOR LETHAL TOXINS OF C. PERFRINGENS

FOR TYPE DETERMINATION

Toxins
Type Alpha Beta Epsilon Iota

A ++ _ _ _
B + ++ + _
C + ++ _ _
D + _ ++ _
E + - - ++

++ = Produced as a predominant toxic fraction.
+ = Produced in smaller quantities.
- Not produced.

*Agriculture Canada, Animal Diseases Research Institute (Western), P.O. Box 640, Lethbridge, Alberta, Canada TIJ 3Z4.
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other antigenic substances, some of
which possess pathogenic properties.
Accordingly, varieties are known to
exist within types A, B and C which
produce certain combinations of anti-
gens or toxins and are associated with
clearly defined disease syndromes. The
quantity of any of these substances
produced varies greatly between indi-
vidual strains. In classical studies 12
antigenic substances were described,
designated by the Greek letters from
alpha to nu (7, 56, 65). Sometimes
these antigens have been collectively
referred to as "toxins" or "toxin com-
ponents" (29) regardless of their indi-
vidually demonstrated pathogenicity.
Mostly extracellular, they are pro-
duced during active growth of the
organism. These antigens are listed in
Table II, rearranged and grouped
according to their practical signifi-
cance. Group I contains the major
lethal toxins and minor toxins that are
important, either in pathogenesis or
for identification. Group 2 contains
relatively unimportant substances that
may have significance for research
purposes. Gamma- and eta-antigens,
originally included among the toxins,
are not included in this table because
these have not been demonstrated with
certainty and consistency (24). New
substances, discovered since Oakley's
original classification (56), are urease,
neuraminidase, fibrinolysin (29, 62)
and enterotoxin (25). None of these
are designated by Greek letters; ente-
rotoxin being a significant toxin dis-
covered in the late 1960s (13, 26) and
characterized in early 1970s (25, 63).
Also, an early classification included
type F which has now been discon-
tinued. The strains with characteristics
oftype F have now been transferred to
type C (65).

Table III summarizes the C. per-
fringens types and varieties associated
with disease conditions, correlated
with epizootiological distribution. It is
evident that the pathology and clinic'al
picture of a disease caused by C. per-
fringens depends largely on the toxins
this organism produces. Each toxin
has its own pharmacological action
which may be cumulative in producing
the final effect.

In the following paragraphs the five
C. perfringens types and the diseases
they produce are selectively reviewed
on the basis of recently published liter-

ature, supplemented by the writer's
experience at this Institute.

Type A
This is the most common of all the

C. perfringens types, the most variable
in toxigenic properties and also the
most confusing organism in respect to
its pathogenicity. In spite ofcontinued
intensive study, its role in the patho-
genesis of diseases is still not fully
understood. In its toxigenic behaviour
typeA can be subdivided into two var-
ieties (Table III). The "classicar' var-
iety, characterized mainly by alpha-
toxin production, is associated with
gas gangrene, traumatic infections,
avian necrotic enteritis and the normal
intestinal tract. The enterotoxigenic or
human food poisoning variety, char-
acterized by enterotoxin production,
is capable of causing human enteritis.

Alpha-toxin production by strains
isolated from normal intestinal con-
tents or feces may be so little on labor-
atory media that it is impossible to
type the organism by the toxin neutral-
ization method. Alpha-toxin is an
enzyme, chemically known as phos-
pholipase-C (lecithinase-C), which
hydrolyzes lecithin into phosphoryl-

choline and a diglyceride (29). As the
membranes of most cells consist of
lipoprotein complexes containing leci-
thin, alpha-toxin leads to their des-
truction. The resultant biological
effect is either hemolysis, necrosis or
death, depending on tissues accessible
to the toxin. The alpha-toxin, when
isolated and purified, has moderate
potency [up to 40 ng for median lethal
dose (LD50)] in mice, which is approx-
imately 1/2000 the potency of C. tetani
and C. botulinum toxins (64). In most
culture filtrates its lethal activity in
mice may range from zero to 100 min-
imum lethal doses (MLD) per mL (40,
55, 64). A few exceptional strains
grown under favorable, controlled
conditions may yield crude toxic fil-
trates with several hundred MLD/mL
(29). It must be emphasized that the
values reported by different workers
and the methods used for analyses are
often diverse due to great technical dif-
ficulties involved in such work.

In gas gangrene, the pathological
effects of type A are not only due to
alpha-toxin alone. The total toxic
product, sometimes singularly re-
ferred to as "C. perfringens toxin"
(29), contains several other accessory

TABLE II
C. PERFRINGENS Toxic OR ANTIGENIC COMPONENTS AND

SOME OF THEIR CHARACTERISTICS

Major Importance
Produced In

Toxin or by Patho- Diag-
Antigen Typesa genesis nosis Characteristics

Group I
Alpha A-E X X Lecithinase (calcium-dependent

phospholipase-C), hemolytic, necrotizing,
lethal

Beta B,C X X Necrotizing, lethal, trypsin-labile
Delta (C) X Hemolytic
Epsilon B,D X X Necrotizing, lethal, activated by

proteolytic enzymes, increases capillary
permeability

Theta (A-C),D,E X Hemolytic, oxygen-labile
Iota E X X Necrotizing, lethal, activated by

proteolytic enzymes
Enterotoxin (A,C,D) X X Sporulation-dependent enterotoxin,

resistant to proteolytic enzymes
Group 2
Kappa (A-D),E Collagenase, necrotizing
Lambda (B,D)E Nonspecific proteinase
Mu (A-E) Hyaluronidase
Nu (A-E) Desoxyribonuclease
Urease Enzymes occasionally found.
Neuraminidase > (A)? Apparently of no practical
Fibrinolysin J significance

'Types shown in brackets indicate production by some strains or varieties only.
Gamma- and eta-antigens are deleted from this table.
This table is based on data from several sources (24, 29, 39, 56, 65).
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substances which may exert a cumula-
tive effect and exacerbate infection.
These minor toxins are: theta-toxin, a
hemolysin which destroys erythro-
cytes and leucocytes, the collagenase
(kappa-toxin) which hydrolyses colla-
gen of connective tissue and the hyalu-
ronidase (mu-toxin) which splits
mucopolysaccharides and thus pro-
motes spread of toxins in the tissues.
These substances (possibly including
theta-toxin) are enzymes produced
and released during active bacterial
growth (29). Theta hemolysin produ-
ces the clear zone of hemolysis usually
seen on sheep or ox blood-agar media
while alpha-toxin is responsible for the
incomplete zone of the double hemo-
lytic effect.

Conflicting views exist regarding
the clinical effects produced by toxins
alone and those attributable to bacte-
rial cell invasion. Typically, a gas gan-
grene lesion consists of massive des-
truction of tissue accompanied by
severe toxemia and shock. As it has
been shown in wide ranging studies
(39,40), gas gangrene can be produced
by type A strains which are poor exo-
toxin producers (27). Isolated toxin
fractions consistently fail to produce
progressive lesions (29, 39). There is
little evidence to suggest that these tox-
ins are exclusively responsible for the
pathogenesis of gas gangrene. This
would support an alternative explana-
tion such as the invasion and multipli-
cation of the bacteria within the lesion
(9). Clostridium perfringens is often
accompanied by other clostridia and
even unrelated bacteria which further
confuse the etiological picture of the
lesions.
Type A has also been reported as

causing enterotoxemia in sheep and
calves, sometimes referred to as "sud-
den death" (51, 64). However, most of
these reports are unconfirmed and
based largely on isolation of the orga-
nism from the intestinal tract and non-
specific clinical signs. This type is eas-
ily isolated from tissues, effusions'and
intestinal tract of cadavers within a
few hours after death; it grows rapidly
in culture and may mask other orga-
nisms, thus giving the impression that
it was the only organism present in the
tissue examined. Experimentally, it
has not been possible to produce acute
enterotoxemia in calves and sheep by
intraduodenal administration of type

A cultures or cell-free toxic filtrates
(55). Intravenous injections of crude
toxin have proven fatal only if rela-
tively large amounts were given in a
short time (55). When slowly adminis-
tered the toxin was even less effective,
probably due to its rapid catabolism
and excretion (15). It appears unlikely
that copious quantities of alpha-toxin
are readily produced in the intestinal
tract and rapidly absorbed to cause
fatal toxemia. However, the presence
in the intestinal tract of a highly toxi-
genic C. perfringens type A may con-
tribute to some other enteric pathol-
ogy as discussed below.

In poultry, type A has been shown
to be capable of causing necrotic ente-
ritis (57). In recent extensive studies
necrotic enteritis was produced in
young chickens by infusion of type A
cultures into the duodenum as well as
by dosing with toxic cell-free culture
filtrates and by administering live cul-
tures in feed (1, 2, 3, 37). The latter
finding seems to support the hypothe-
sis that the toxins rather than the
invading organisms are involved in the
pathogenesis of this disease. It may be
a combination of both factors. In fact,

a number of strains isolated from nat-
ural avian necrotic enteritis cases in
Canada have been found to be potent
alpha-toxin producers (50). Histologi-
cally, the lesions in chickens have been
likened to those of necrotic enteritis of
swine (3). In earlier research reports on
necrotic enteritis in chickens in Bri-
tain, C. perfringens type C was
thought to be involved (57). Informa-
tion on the exact mechanism of action
of C. perfringens and its toxins in
necrotic enteritis is not yet available.
In Sweden, type A has also been asso-
ciated with an acute enteric disease of
horses (71).
The discovery of the enterotoxi-

genic variety of C. perfringens type A
is perhaps the most significant recent
research development. The entero-
toxin (specifically so named and not to
be confused with epsilon-toxin in type
D enterotoxemia) is the causative
toxin in C. perfringens food poison-
ing. A relatively mild and usually non-
fatal human gastroenteritis follows
ingestion of food heavily contami-
nated with this organism and subse-
quent production ofenterotoxin in the
intestinal tract (20). The enterotoxin

TABLE III
C. PERFRINGENS TYPES IN PATHOGENIC CONDITIONS'

Variety
Found in Antigenic

Type Variety Canada Disease or Occurrence Differences
A I Yes Gas gangrene of man and animals. No enterotoxin

Avian necrotic enteritis. Intestinal
commensal. Soil

2 Yes Food poisoning in man Produces enterotoxin
B 1 No Lamb dysentery. Enterotoxemia of Produces lambda,

foals (Britain) mu; no kappa
2 No Enterotoxemia of sheep and goats Produces kappa;

(Iran) no lambda, mu
C 1 No Enterotoxemia ("struck") of sheep Produces delta

(Britain)
2 Yes Neonatal hemorrhagic enterotoxemia No delta. Com-

of calves and foals (Colorado) and binations of
lambs (Colorado, Britain)b theta, kappa, mu

3 No Enterotoxemia of piglets (Britain,
U.S.A.)c J

4 No Necrotic enteritis of man and fowl Absence of the
(Germany) above

5 No Necrotic enteritis of man (Papua As in variety 2, 3.
New Guinea) Produces enterotoxin

D Yes Enterotoxemia of sheep, goats and
possibly cattle

E Yes Isolated from sheep and cattle,
enteritis of rabbits

'This table is based on data of Sterne and Warrack (65), simplified and revised to include later
information.
bThe antigenic position of British strains from lambs is not known; it could be variety 2, 3 or even 1.
cIt is not clear whether the U.S. strains in pigs are identical to variety 2 or 3.

143



differs from the classical exotoxins by
being produced intracellularly by the
sporulating cells of C. perfringens and
being released upon lysis of these cells
(49). The toxin, resistant to digestive
enzymes (14, 25, 44), does not necrot-
ize tissues but causes an outpouring of
fluid into the lumen of the small intes-
tine, resulting in diarrhea (42, 44). The
latest reports indicate that an identical
enterotoxin has also been demon-
strated in a few strains of C. perfrin-
gens type C and in one strain oftype D
(61, 68). In older literature, before the
discovery of the enterotoxin, emphasis
was erroneously placed on alpha-toxin
as the causative agent of food poison-
ing. Furthermore, the food poisoning
strains were serologically typed (17
serotypes) and classified on the basis
of their heat resistance (28). It appears
probable that the heat resistance of
spores was an incidental selection
mechanism to resist cooking and thus
permit strain survival in food poison-
ing incidents. It is now known that
heat resistant as well as heat sensitive
enterotoxigenic strains exist (66).
Serotyping serves a purpose in epide-
miological investigations of C. per-
fringens food poisoning outbreaks. In
spite of its mild clinical manifesta-
tions, this illness occurs more fre-
quently than other common causes of
bacterial food poisoning or infection,
such as Staphylococcus, Shigella and
Salmonella species (4, 36).
The enterotoxigenic C. perfringens

appears to originate from animals
since most of the sources incriminated
in food poisoning outbreaks have been
meats, particularly beef and poultry
(28). The prevalence of these strains in
domestic animals appears to vary. In a
limited study conducted in Canada
(50), 12% of strains isolated from
intestinal tract of cattle, sheep and
chickens (postmortem cases) were
enterotoxigenic. A similar study of
normal beef cattle and chickens in
California revealed enterotoxigenic C.
perfringens prevalence rates of 68%
and 60% for the two species, respec-
tively (67). There may be a difference
in interpretation as the degree of ente-
rotoxin production appears to vary
greatly. Although most of the "highly
enterotoxigenic" strains in the Cana-
dian study were found associated with
enteritis, it is not certain whether or
not these strains had any direct role in

the pathogenesis of the enteritis, but it
appears that they had at least an acces-
sory role. Experimentally, the C. per-
fringens enterotoxin is capable of
causing transitory enteritis or entero-
pathogenic effects on the small intes-
tine of calves, sheep, rabbits and
chickens (14, 46, 52, 54). When admin-
istered intravenously, the toxin causes
a rapid and profound fall in systemic
blood pressure, resulting in shock and
death in all the animals studied (43, 45,
48). The lethal dose of toxin for calves
and sheep when given intravenously is
about 13 Mg/ kg of body weight (47). It
appears unlikely that an equivalent
dose of enterotoxin is ever absorbed
into the systemic circulation if large
quantities are produced in the gut
under disease conditions. Although
the enteropathogenic strains are rela-
tively poor alpha-toxin producers,
experiments have shown that they are
still capable of causing gas gangrene
(27).

Prevention of infections or intoxica-
tions caused by type A is difficult and
no significant success has been
achieved in this field in the last few
decades. Vaccination of animals is
complicated for at least two important
reasons: (i) the organism is so ubiqui-
tous that it is impractical to resort to
mass immunization and (ii) the enzy-
matic nature of the majority of the
antigens in this toxin complex is a dis-
advantage, as enzymes are generally
considered weak antigens in compari-
son to other proteins (29). The entero-
toxin is moderately antigenic, but in
experiments with parenterally immun-
ized sheep the circulating antibody
failed to protect against intraduodenal
challenge with either enterotoxin or
live cells. Similarly, repeated intestinal
challenge (up to nine times) produced
diarrheal response without immunity
or measurable antibody response (54).

It appears that prevention of dis-
eases caused by C. perfringens type A
should be directed toward animal hus-
bandry, sanitation, feeding and other
related factors.

Type B
According to available reports, C.

perfringens type B has not been found
on the North American continent. It
has been reported from Great Britain
where it causes lamb dysentery with
heavy losses in newborn lambs. It has

been involved also in enterotoxemia of
foals in that country (64). Lamb dysen-
tery also exists in South Africa (30).
Another variety of C. perfringens type
B, based on its antigenic composition,
has been found in enterotoxemia of
sheep and goats in Iran (Table III).
Type B produces both beta- and
epsilon-toxins, but beta-toxin is usu-
ally the principal component. Vac-
cines have been developed to control
lamb dysentery in high-risk sheep
flocks (30).

Type C
Five antigenic-pathogenic varieties

of C. perfringens type C have been
implicated in various disease condi-
tions (Table III), but their classifica-
tion is somewhat confusing. The prin-
cipal lethal toxin in all varieties of this
type is beta-toxin. In broth cultures,
the toxin potency usually ranges from
500 to 5000 MLD/mL for mice, but
some strains may produce barely
detectable levels of toxin (55, 64).
Beta-toxin is more sensitive to
enzymes, elevated temperatures and
other environmental factors than the
other major lethal toxins of C. perfrin-
gens; it is readily inactivated by trypsin
and other proteolytic enzymes (41, 60).
Little is known about the chemistry
and pharmacology of this toxin; it has
only recently been isolated in pure
form (59) and shown to have an LD50
of 1.87,ug for mice (60).
A variety of type C was shown to

cause an acute fatal hemorrhagic ente-
ritis in neonatal lambs and calves in
Colorado in the early 1950s (22, 23).
Twenty years later the same antigenic
variety was found in fatal cases of
hemorrhagic enteritis of newborn
calves in southern Alberta (53). A con-
sistent feature of this type of enteritis,
besides its pathology, is that it appears
to be restricted to very young animals,
usually one to three days and always
less than ten days old. A possible
explanation for this age prevalence
may be the fact that the digestive sys-
tem of the newborn with less enzymic
content may not permit inactivation of
the beta-toxin.
Type C is sometimes found in non-

fatal enteric conditions of older calves
as well as in healthy adult cows. In
Montana, a study of calf scours
revealed 80% of the C. perfringens iso-
lates to be type C and the same orga-
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nIism was also found in their dams (38).
Many of these isolates were reported
to lose their toxigenicity rapidly on
laboratory culture. It is not known
whether these isolates are antigenically
identical to the Colorado variety or
comprise a different, less pathogenic
variety of type C. Mildly toxigenic
type C strains have been reported from
New Zealand (8). The role of these
strains in the pathogenesis of calf
scours is not known. Also, no clear
relationship exists between type C
associated with severe enteritis of
piglets, reported in Minnesota and
Iowa (6) and the Colorado variety.

Because of the diversity of patholog-
ical conditions, fragmentary informa-
tion and the varieties of type C
involved in countries outside Canada
and the USA (Table III), further
details will not be discussed here;
interested readers should consult
appropriate references (7, 12, 16, 17,
31, 64).

Recent advances in research con-
cerning type C have been the purifica-
tion of beta-toxin, as mentioned ear-
lier. An enterotoxin, in a variety
causing necrotic enteritis of man (a
severe form of food poisoning) in
Papua New Guinea, was shown to be
antigenically and biologically identical
to the enterotoxin of type A (60).
The use of vaccines and antitoxins

as prophylactic measures in high-risk
animals have met with varying success,
in both cattle and swine (5, 23, 33, 35).

Type D
This is perhaps the best known

pathogenic C. perfringens type, being
widely regarded as the causative orga-
nism of fatal enterotoxemia of sheep
or "overeating disease". It appears to
have a world-wide distribution, but it
is not a common intestinal commen-
sal. It produces epsilon-toxin which is
almost exclusively responsible for the
host pathology and subsequent death.
The toxin is produced in the gut by
abundantly growing bacterial cells,
aided or initiated by some factors of
feeding ("overeating") and absorbed
into the systemic circulation. The
epsilon-toxin is resistant to digestive
enzymes; in fact, these enzymes actu-
ally convert the freshly secreted less
active prototoxin into the fully toxic
form.
The epsilon-toxin has been isolated,

purified and its pathogenicity studied
for a number of years. The pure toxin
has an LD50 of 1.5 ng in mice (64), but
ordinary culture filtrates contain
about 15 to 300 MLD/mL (55, 64).
The toxin and crude preparations are
immunogenic, allowing vaccines (tox-
oids) to be produced for the control of
type D enterotoxemia (34).

Clinically, when large amounts of
epsilon-toxin are produced in the gut,
its absorption into the systemic circu-
lation increases capillary permeability
in many organs and tissues, including
intestinal mucosa. This increases its
absorption rate and consequently the
systemic effects leading to extensive
renal damage, hyperglycemia, hyper-
tension and edema in various organs,
including brain (9, 18, 19, 32). Detailed
studies on the mode of action of
epsilon-toxin, conducted on mice,
have shown that it is capable of caus-
ing widespread damage, after binding
to receptor sites on the surface of the
endothelial lining of certain blood ves-
sels, of loops of Henle and of distal
convoluted tubules of the kidney and
to the hepatic sinusoids. The mecha-
nism involved in the uptake of the
toxin is apparently mediated by an
adenyl cyclase-cyclic adenosine 3', 5'-
monophosphate system (10, 11). A
thorough review of enterotoxemia in
sheep caused by C. perfringens type D
has been written by Bullen (9).

Type D has also been isolated from
bovine postmortem material and even
from normal cattle (51, 64, 70). Such
isolations are sometimes made from
sheep without clinical disease (9).
There have been very few confirmed

reports of type D enterotoxemia in
cattle showing typical clinical signs,
pathology and laboratory findings
(21). It is possible to produce type D
enterotoxemia in cattle experimen-
tally (55). Such experiments have
shown quite distinctive pathological
and bacteriological findings (similar to
those in sheep) that permit a definitive
diagnosis. It appears that naturally
occurring acute type D enterotoxemia
in cattle is relatively rare.

Recently an enterotoxin immuno-
logically identical to type A entero-
toxin has been isolated from one strain
of type D (68). This enterotoxin is not
to be confused with epsilon-toxin
which, by its behavior, may fit the
definition of an "enterotoxin". As this
development is recent and to avoid
further confusion, the main character-
istics of the above two toxins are com-
pared in Table IV. It should be
emphasized that the accepted specific
terms of "enterotoxin" and "entero-
toxemia" are not related.

Type E
The principal toxin produced by C.

perfringens type E is iota-toxin. The
characteristics of this toxin are some-
what similar to epsilon-toxin of type
D, but they are not antigenically
related. The toxin is produced by
intact cells and fully activated by pro-
teolytic enzymes. Biological effects of
this toxin include necrotizing action
and marked increase in capillary per-
meability (24).
Although type E had been infre-

quently isolated from domestic anim-
als (51), case reports linking this orga-

TABLE IV
COMPARATIVE CHARACTERISTICS OF C. PERFRINGENS

EPSILON-TOXIN AND ENTEROTOXIN

Characteristic Epsilon-toxin Enterotoxin

Origin Produced by all strains of Produced by some strains of type A,
types B and D rarely by types C and D

Cellular Released by intact cells as a Intracellular in sporulating cells
location true exotoxin (prototoxin) only, released by cell lysis
Histotoxic Strongly Not necrotizing; induces
action necrotizing erythema in skin
Enteric action Absorbed into systemic Acts mainly on intestinal mucosa

circulation
Clinico- Damage to kidneys, brain and Causes fluid outpouring in gut;
pathological other organs; induces edema; results in diarrhea; self-limiting
action results in death

Recognized Enterotoxemia Human food poisoning
disease in sheep
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nism to a definite disease condition
were so rare that doubts were raised
about its potential pathogenicity (64).
However, a recent report (58) describ-
ing a serious outbreak of an enteritis
complex in a rabbit colony in Oregon
provides quite convincing evidence for
the pathogenicity of type E iota-toxin.
Although type E organisms were not
isolated, the presence of preformed
iota-toxin was confirmed by toxin
neutralization tests in cecal contents of
23 of46 rabbits which died of enteritis.
The disease was characterized by pro-
fuse diarrhea and death within six
hours. Dietary factors were suggested
as a predisposing cause.

DISCUSSION

Table V contains a summary of C. per-
fringens types associated with diseases
of domestic animals in Canada. Sim-
plified and condensed to bare essen-
tials, this table indicates many uncer-
tainties and prompts a number of
questions. There appear to be only two
etiologically clearly-defined acute dis-
eases: hemorrhagic enteritis of the
newborn calf, caused by C. perfringens
type C and enterotoxemia of sheep,
caused by type D. The former disease
is age-restricted (neonatal) and the lat-
ter has a nutritional predisposition.
The remtaining diseases are ill-defined
and often associated with etiological
factors, such as nutrition and man-
agement. Information is lacking on
disease incidence in various geogra-

phical areas of Canada. For example,
the acute neonatal hemorrhagic enteri-
tis has been confirmed in calves in
southern Alberta, but this condition has
not been reported in either calves, lambs,
or piglets in the eastern provinces.

Livestock deaths still constitute a
significant proportion of economic
loss and many cases remain undiag-
nosed. There are difficulties related to
physical diagnostic problems as well as
to areas of limited knowledge. The fol-
lowing diagnostic problems may be
cited: (i) isolation, demonstration or
identification of the causative strain
from several different C perfringens
strains often present in the same organ
or carcass, (ii) successful demonstra-
tion of pathogenicity or toxigenicity
under laboratory conditions and cor-
rect interpretation of the results and
(iii) clinical recognition of C. perfrin-
gens infection based on signs and
necropsy findings, previous history
and geographical location. These
diagnostic problems are, in turn,
related to research problems because
there is a lack of adequate knowledge
in these areas. This deficiency in our
current knowledge can be alleviated
through experimental work at
research establishments and by publi-
cation of case reports by veterinary
practitioners and laboratory diagnos-
ticians. Such knowledge is essential to
completely understand the disease
processes and to permit development
of effective control and/or treatment.

TABLE V
SUMMARY OF INVOLVEMENT OF C. PERFRINGENS IN DISEASES OF

DOMESTIC ANIMALS IN CANADA

Disease Condition and Organism
Species (Existing or Suspected)

All Species
All ages Gas gangrene-like traumatic and wound infections, accidental infections;

localized in tissues, e.g., muscles. Any C. perfringens type, but mostly type A
involved, often in combination with other bacteria; possible auxiliary role in
enteric conditions (type A)

Cattle
Newborn Acute hemorrhagic enteritis (fatal), type C
Older Possible auxiliary role in enteric conditions by types A,C,D

Sheep
Newborn Acute hemorrhagic enteritis, type C; suspected because of scattered presence of

causative organism
Older Enterotoxemia, type D

Swine
Piglets Acute enteritis, type C; suspected because of proximity of cases in Minnesota

and Iowa
Horses
Newborn Acute hemorrhagic enteritis, type C; suspected because of scattered presence of

causative organism
Chickens Necrotic enteritis, type A; type C possible
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ttudes de cas. Le plan peut varier
mais, en general, on le divisera ainsi:
sujet, anamnese, signes cliniques, tra-
itement, resultats. quand il y a lieu,
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